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Al, Ga, In, T a S: I I VMIZN ^^tSit^m^^mL. 

[0 0 0 2] 

-yLfcAlGaN;^>^bJ^-5p{B!I^^^y KMi:, Mg$: K- ^ b fcGaNi; U P > 
VN^^SiltT, 450nm *^e,530nln ^^ti^^. J^^LED (Light Emitting Diod 

e) ijmM-^nx^^^o 

[0 0 0 3] 
[0 0 0 4] 

^(DMM^^^M (ELO: epitaxial lateral overgrowth) ^M-^t)-&T V^^o 
[0 0 0 5] 

tr=.. <^Bg^io-32i9io ^-"Amit. s^^ffi-hicsac^ d o-i o) t^r^n 

(1-10 0) m®7b^b^-5W®?:«-r^^^'ft*^^5^*^?^^^^' ^©A^ft 
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[0 0 0 6] 

#Bg5}iio-32i9io ■^^#(DJ:e>lc^«±®±lcSii:ic®:fcf ^Tn^ 
ft:b^«ig?:?^^t-€>S^B-eii> HVPE (Hy d r i d e Vapor Pha 
se Epitaxy) T'^^MbJ^^, (10-10) i^fz.\t (1-101) m 

[0 0 0 7] 

^?R||2830814#®^9M«a^0009#M) «®?^figlC4g:>M^¥ffi[®A^#^tl 
[0 0 0 8] 
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[0 0 10] 

[0 0 11] 

[0 0 12] 
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[0014] 
[0 0 15] 

mz^^Mfj'^mititSV^J^ (GaN) T'«^$tiS^^, C+ffi$:Mv^TMH^ 

© IftffilB'fb 0 -5 i: § S o 
[0 0 16] 

[0 0 17] 
[0 0 18] 

, R®, CB^r^t^o ) SiC (6H, 4 H. SC^^tio ) GaN, Si. Z 
nS, ZnO, AIN, LiMgO. GaAs, MgAl 204, InAlGa 

^»«$:ffiV^S«-^T'^i, ^^b^iJ'!?^ (GaN) 
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$ -fr s ^ ic # < ffj ffl $ ti T V ^ s c ffi S: ^ ffi i: b 3t -9- 7 T if X *g $: M t ^ -5 

igT'^y, m^^<Dm^xm^^-^^uw^-^^r^^izw.m^ti. ^^mizm^)^ 

b ^ tlS HitT' o T %) K V^o 
[0 0 19] 

z.(Dmwi±izmm'^n^i^^Bmitmm<D^mizMvxmmi^rcmm^^^^m 

it^m^mi^'PB eMg Z nC d S ^-fb-^-^^^^, BeMgZnCd O^-fC-^ 
^fef^##;?:Mv^5Zli:*'^T'^. MiZit^^tiH V ^ (GaN) ^it-^m^mi^.. 

mitr}v^=-^^ (AiN) ^it^m^m^. mt>^yv^h. (inN) ^it^ 

(AiGaN) m\.'^^^m^^^nt.\^<\%'^^-ir^z.}Lfi^x^ 

> U 'i7i:^^'fb^#^^#f^:^i^(Z)S^b^^^##^*W^ bv^„ 

^^Ci3V^T, InGaN, AlGaN> G a if tti^^i* 2,5xM^<J^^> 
2 5xM^nO:>^<T^m\m^n^^^'t(nX\%tA<. nGaNT'li> InG 

*5§^<55^aT'feS3i:tiV^e)*T'=fc^V^o * ^> S®-*?> (11-2 2) ®{C^ 
Ke?ric^fllf;&®i:tt, Sffi-^ (1 1-2 2) ®lC*fbT^tl-?tl5:73rM6^(Dfg 
HT'M V ^ fc® ^ & % (D 1? S o 
[0 0 2 0] 

l«il^Mfb-^^^ffifiK:fi?* (MOCVD (MOVPE) m 
©av^%(D75)^#^4^■5<, MOCVDiST'li. G a V - X h U T TM G ( h U 5^ 
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JliSV^J^) .TEG (hUai^;b;J/U':7A) , A 1 V-:^ i: LTttTMA (h 
U;*^;i/T;i/^-'i7A) , TEA ( h Ux5^;i/r;i/^-'i7Z^) , InV-^ilU 

Tii, TMi ( h u >i^;i/>r , tei ( h U3:^;i/-r *h 

, Ge-^i^nit^JV^yiS:^. MgT?feti«C p 2Mg (i/ ^ n ^ i^^xn;!/ 
'r'!f^i/^2^) , Z nT'S>tlliDEZ (i;x^;i/S;> ^) ^i:*<D;ffX*^^ffl§tV 
-aSfi^^MO V P E^Tli, 6 0 0° C^^JitCiD^S 

tlfeS^CO^ffilC-^l&bT, :;Ef;^^:$3^l»-t-5ri:{Cj; *J. I n A 1 G a N^-fb'^ 
#j ^ X If ^ ^ ^ $ it S i: T' ^ S c 

[0 0 2 1] 

(MOVPE^) ^:$3^^^xtf^^i/-^^ (MBE^) , /\^>r 
nm^m (HVPE^) ^if(Z)^ffl^!K«^^Mv>sri:*^T'^S„ ^aM<?)^:S 

*^14^<^S$:fiK*$-&'Sr i:*^T'^-&3^tc;&So A-y 7 rMiiS^ii^^b^ 
i{£^^®^&^;fliE'&§:^fIIt- SilVN^ B6?r%^So bfe*^oT, ^-ft^^^^ils ^ 
^&^^iS:<5!)3£v^««j, ^S^^tS[*^-^Ufe»«S:MV^S#'^^C«A'^y ^'tM*^?^ 
f!^$4^^V^^-^t;fe'g>n S i C±{CliA 1 N$:<£MiCLJ5eVNT'A«y 7 

TSI:ol:r"g>c:i:t)^»;, S i ««[±tciiA 1 N, G a N Sr^li U<SMic L^vn 
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[0 0 2 2] 

^gaMti, ^®«®^M(Z)^#^lCt;fe#^^;^)\ ^JVV^m<D (0 0 0 1) ®[ 

C®]$:»«±®i:bfe^'^t'ii> (1-10 0) ffi[M®], (1-10 1) ®[ 
S®]> (1 1 - 2 0) ®[Affi]> (1 - 1 0 2) ffi[R®], (1-12 3)®[ 
j^g]^ (11-2 2) ffiJ3J:tJf^tiejtC^filIf^M^®®e)t.*^^S«nfcM^ 

^BM5:#if-&^ii*'='e^> #{cs®^ (11-2 2) miB^t^x-z-n^izmm 

L/fcl^lCE?>tl-5 T' & U , Jtgc6?r#^ V^® T' ^ o T ® BIB 
^Tli (1-10 1) T-fe-5o Cffi{CC+®i:C-®>()^#^Et-S(Z)illRl«llC, S 

0 1) T'^-5„ 3(7DS®^cov^T^i, ^7^(0 ^ ^ izmt:» ^^it^<^^^i^ 
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[0 0 2 3] 
[0 0 2 4] 

tlcJDgP^''*^ (Z)M^^;R{C J; o T S ®^ $:^-r -S^SaliS ^ 3 ^ ;^)WtgT' 

4^, lE*?^*^, A:^?^^^, H^?^^^, m?^<^> ^0J3J:t)f:itie><©^J^?^^5feif 
» «M ^ Ji^'f b 5/ U n > M ^ V A l±^>fb U n > M tc J: o T S r ii T' ^ S 
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[0 0 2 5] 

miH^^^m^'^^y^^ M<^Mmiit^ i o nmmmoym^ (^v^^j:Ja*u - 1 o 

[0 0 2 6] 

^^*>]^<>5:oTV\Sr i:;^)^^^tl•rv^S„ #IC I liG aNtS-SMt^fi^^RMSli 
7 0 0-8 0 0° Cl?fe-57t«b> T>^-T®^^S^^*^<S<x J:»;Na*^ig^M 

[0 0 2 7] 
[0 0 2 8] 



1 1 
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w) fiijt, (DQW) #m»^^?f^ (mqw) 

^f:R(Z):$)'ilC?)^i?){C|^M/^)"^#fMStl'So Mffi®?: I n G a NMi: bfe«-^lCli 

2i*^m5fe-5o rjtis. m^tm^^mmt^ y h^-^x^m^B^izx^^mm^^o)f:^ 

^lZnmtrj:^^nfJ^&^i)^^ jiSSi, Ge. S e ^ H<© K:J--;pMi^$:M^ 
^fe> M'fb^^^^ls?: pM^-rStCli, M^^tCMg, Zn, C, Be, Ca, 

rmm<Dpm^n^r=i^izit. r^-^^^''^^'^<^^'-^^> t;i/:3'> 

[0 0 2 9] 
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[0 0 3 0] 

<Dmm^i^^<i^^^i^x^ mmfkm<Di&miz^:iL-^^ ^niz^^)m%^m^± 

[0 0 3 1] 

i)^M<fjti), mAmitn%^mii^^<^j^^x^^^o :mit:^'^mm^(Dm^xit 
, ■=en'eti(Dm<Dmt^^\j^3^^^^i:i'izm.^M. mm&m. mm.^m. mmz 
Ammizm^-^ti. mizm^Mm^itWi^:^^y^<^^Mf)mn^x\*^x. m± 

- mmii H t. ^ % 7^ >y zfi!jmi>tW.MVtX zfii^m^ b T U 
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[0 0 3 2] 
[0 0 3 3] 

:^^m<D^mi^m9tm^itmmm^M^xmmm^mn'pmmmm^mmir^ 
mmLxmmmm.^n:^^:^t.i}^x^^r:Li^, ^i^rj^^mmx'r ^ i^zf nvx 

[0 0 3 4] 

m.^m-t^^mi^mytm'f-x&^o =seoT, ^mmmxitWit>izmMJimiz'^^^ 

l§ ^ lil^A T ® IliSM ic $ ti s =fo © -e ^ V ^ o 

[0 0 3 5] 

^Jg^ajl 

:^mmmit-*)-yT4rm^±icmmmm^Mxmmm^miiLxsm^mr^ 

[0 0 3 6] 
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C+®$:S«^® 1 1 il-rS-9-:7 7^r««l 0±lZ. SiOg^^ttSiN 
$:MV^;fev;^^^M 1 2 $:^®IC^$ 10 0 — 5 0 0 nm(D^mX'm^L. 100 
ytiin^gCJD^PgP 1 3 h U V :7 >r - i: 7 >y^^x^y > h S:MV^T 

J^fi&^S (01) o ^©lapgpi 3^d:7^^^gM^c^v^T^illlSm?^^^T'feU, 

[0 0 3 7] 

2 0~3 0nm) ODGaNM «£M>''^ 7 tM) EI 2 tC^-f J: C) 

-?-<3!)=^fiK:RM;SS: 1 0 0 0° C@^lC±#$-B:Ti/U n> K-^®G aNMl 4 
S:0lK"r<5o Z.©^U =r> \^-zf<DG a NM 1 4 lt'r:^^<DmuM 1 3 ICfg^R-T 
^7b\ 7Kll#H^-e. i®fig«MSl 0 0 0° C&ilif b^*^e>bli?><^;gS: 

[00 3 8] 

>^*7:m&R?^®g§Pg|Sl 6 ?:3g^^ (03) , $e>{CggPg|Sl 6(Dp3mX^M^m 
(D^. AN:^il?^4^(©^^M <Z)^SliS (1-10 1) BT^a^Dti^o fife;g^r^*'5 

, d®!^. g§Pg|Sl 6®tf^y5^l±+:0-{C|tbT^3<ig:vM*^S)So 
[0 0 3 9] 

/N^^J^^^ri/U 3> K-v''(Z)G a Njg 1 7T'?^^bfe^, Llf < fig«$:^T 
V^A^$i(>[):^^$*^lflg 1 5~2 0 Ai (^ia^W. 5 ~ 1 0 /* m^^g) iC?& 

ofens, is$«A#iii:bT^(Z)-ja(oi. e-fi^ssjc^y. «eoTio~i6 

/ti mg;g{C;&5o 'fcJS, Zl(^ 1 0~ 1 6 /* mgJg(D-9->f XttM^^'T^feU^ ipg 1 0 
$ P>ICS/U 3> K-^(Z)G a NM 1 7 $:fi^;^L/, -e^^fig^^MSSriS^b I 
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nGaNMl S^rfig^R-r-So ^<D^^^Um^±^l^^ 04 ICa^f J: O lCVi^4^ 
Z/^A\^-:f(DG aNMl 9 Sr^^R-tSo ^®llg<© I nGaNSl 8(Z)^$liO 
5 nm7b^e)3 nmg^T'^-Sc $^IC (A 1) G a N/ I n G a N(D»^?fF? 

lil nGaNS:MV%T#*«l5^i:-t-&^t=fo^S» "^-^l^^ I n G a N(D-r<?± 
(DMlZitA 1 GaNM^fiK;S^S^^l*^Mt UVA„ 
[0 0 4 0] 

^y^^^^L, $e>JC^<3DBi?*bfeaiS^2 1 JCT i / A 1 / P t / A u 

t^o ZM'^nnm2 0 tfjt^. $ P,lCA^0i±lCfiX;abfe«*MlCN i/P t 

/AutfcttN i (Pd) t/Au^mm-t^. :i<Dmmiz^i) vmm22 

©S/Un> F-^®GaNMl 7 hVX^'CDTlCJ^^^tlfe^^U F-^OG 

aNMi 4 t(Z))5l^^cov^Tb*e)i:MS^bTL*e)a)T% ^n^timm^<m 

[0 0 4 1] 

Sr^bTVN^o -e®i^«^liC+®$:S^^ffi^-tSi^-7T-r-Y»«l 0±tc 
^^a®i:;&-g>i/y n>F-^cDGaNMl 4 $::frbTm«bfe^HlrMi: bT(7) 
i/U3>F-^®GaNMl 7$:^tbTV^-5o S/'J 3> F-'^<^G a NM 1 

^?^^T-?S'Sji-efe'5 I nGaNMl 8:h'^B^^tl. ^ibiC^Ol nGaNMl 
8±IZ^'^V FM^ bTViJ^^i/'^^A F-:^<^G a Nji 1 9 fj^m^-^tlX^^^o 
pm@2 2liV^^i/'t7A F-:^<©G aNM 1 9 ®±®(C?^fig$4xTfe U , 

>^(0G a Nji 1 4 $:/rbTe/U =i> F-^®G aNM 1 7^C^^L/TV^-5. 
[0 0 4 2] 
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it^1--S ' ^ICJ&U, H^irS^^v/i I IitSr]S<-r-5ri:*^nf|gT'$>»J. 
[0 0 4 3] 

So 

[0 0 4 4] 

1 N^feliG a NCDV^•r4^*^CD/'?^y :7TJiS:?^^St-So 1 0 0 0° 

i NS:MV^fcVX^M?:^DS^CJ?$ 1 0 0~5 0 0 nm<DmMX^^h. S 8 tC 

U n > F- ^® G a N if 3 1 tl-5 = 

[0 0 4 5] 

?i?C{c, v>?.^a5 3 2 $:li?*UT=fe)e)-MM^fi^;RS:^Te);6'^. rcDii^lilOO 
0° C^S{Cf!a;SMIg§:±#b. iyj zi> K-:/<^G aNM3 3 &^;g-tS„ i/ 
U I3> K-yCDG a NM3 3 lij^o T V^fe U =3 > F- G a NM 3 1 _hlC^ 
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GaNM3 l(Difv^\,t-t^lzmi^X^<'£^mti^^^o 
[0 0 4 6] 

:^nm<Di<:^^ f)^mmm i n mmizm 15 — 20/* i-m.ff' 1 . 5 ~ 1 

1 0 — 1 6 /tmgS{C;&-5o 'feJS. A:^li®:*:^ $ jb^ipS 1 5 ~ 2 0 m^^gli 

=foortgT'^<2>o Ell OlC:o^-r j:e){C, J^;RLTM^L/feS®l?ffl*ti^AN^il3()^ 

ML I nOaNMS 4 ^rJS^TR^eo -e©^, ^«MSS:_t:# SlltCi^-Ti: 
OiC, V^*:^i/'^7A K-:/(Z)G a N® 3 5 ^r^S-r-So ^(Z)|^(Z) I n G a N® 3 
4(Z)^$«0. 5 nm*^e> 3 nm^MT'^-So ^^jlC^SttM?: (A 1 ) GaN/ 
I nGaN^S^^iRM^^MS^^fFMJ&iflc-r-S^iitj^y, ;t/-f KM^b 
T#|g-r<5G a N^feli I nGaNSrMVNT#a«igi:t-SZlil=fefeSo -?-®|^ 
, I nG a N(Z)-r<^±(OSJCliA 1 G a I^M^Ip^^^ ^ t.ff^Mt. LV^, 
[0 0 4 7] 

-eCD=^, I nG a NM3 4 cttKpM^' ^ FJi"e$>S V^^:^^ 

•t7AK->^a)GaNJg3 5 C?)-g|S?:«^{C3aVNfi[|T'IM5* bT ^> U n > K-::^©G 
aNS3 SCD-gP^rMm^-fr-So $ ^ iC^® L fe»«tCj£VNg|5i3^{C T i/A 
1/P t/AuS^Sr^^-t-So rtlA'5nmM3 6 i:;&-2>o $ ^ IC A^liJilCfi^ 
:gbfc«^MJCN i/P t /Au*feliN i (Pd) /P t/AuS:^«i-<5o 

::<z)^lp{cj: y p«®3 7*^^^"r-s (®i2) „ z:tie>®^^<z)ll^icii, 

[0 0 4 8] 

mM(?5«^3 6. ^l^J^mX^Tc^. igi 3 C^-r J:e)fC, ^^^^m^?:R 
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[0 0 4 9] 

JCMM^ bT(Z)i/U n> K-^®G a NjfS 3 $:;iLrv^So 3®i/U n> K 

¥fflCJ^^ELTJS;-5?^*^T'?S'liMT'fe-S I nGaNMS 4 tl, $e>lC-e 

nGaNMS 4±IC^^-/ FMil OTV^:^ Sz-i^A K-::^©G a NM 3 5 
0^$tlTVN-5o P«M3 7 «T^*:?^S/'i7A K->^®G a NM3 5(^_h®iC0^ 

StlTfey, >>U3>K-:/©GaNM 3 3 ICfig^^M L/T V^So 
[0 0 5 0] 

< -5 z: AMfgT' ^ »j , J^iig $ ti s Wffifg^fc 0 s :i i: jb^T' 

[0 0 5 1 ] 

*IIMM-ei±ft^lC i/U3>K-::^(Z)GaNM5:x-;^>^L/T-y-7T 
'YTS«3 0 ST'^ffib^T^^ -ti^fjtmm^ ^$>nit. 5/U=l>F-::^©GaN 

01 5lC-e®i:e>^$gJt^^£T'$g^tSti7tl^^®«it$:^t-o ■9-:7T-r^S 
«3 0±tC?^^$tlfci/U =I> F->''®GaN®3 8{caM3 9*^?^^$tl, 

(Z) M^*^ (Dm^^MX':^nmmv^<Dmmmr' & S U n > F- G a N m 

I nG a N® 3 4 *^^;&.5?S'[4M> -7^*:^^ iz-t^ A F- >''C7)G a NM 
3 5f)^^f£^pm^^^y Y^m. P«^3 7. nmmt)'^mm^n. InGaNMS 
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[0 0 5 2] 

mmm 3 

[0 0 5 3] 

mwi^m^c+mt.'r^-*)-yr>(rm^4:0±ic. ^^500° caxs^ar-A 

1 N^fettG aN(Z)v^■rtl*^®A^y :7rMS:?^^'f So •e<D^#iaL l O O O" 
ClcLTi/U =i> K-^(Z)G aN®4 1 $:?^^-rSo ■e<©^> SiOg^^liS 
i N S:MV^;tV>5>^M4 2 $:^ffitCj?$ 1 0 0 — 5 0 0 n m(D^H"e?^^ 0 
1 6tC:g^'r J:^IC, h U V ^'^T -i::7^y^^x-/^^> hSrffiV^T 1 0 
/*mSJ^0[)R?^^/^<?!)gSPgIS*>^:^S^fIJg?4 3 ^J^^t^. r <D^Pg|5<D;^# $ 

[0 0 5 4] 

r^lC#M> ^!fe:R?aSl 0 0 0° CX'i/U^y K--;^®GaNM4 4(7)^^^:^ 
&^f-^= ^%0, i/U 3> K-:/<DG a NM4 4 liR0O^MJ|!c4 3 *^?J^^;R■tS 
L«e><^;a5:Ml't-&^HH*^S® (1 - 1 0 1) a:»J^S7^^il(D?^^^S: 

-r S 3 i: T' S ® T-a^^ti 7^^il*'^^«^"7 ^ tSi^ V N o « V N -5 U n 
> F-^ODG aNM4 4 $ tl S » -ea)^fiK*MMS:<E^ btS-ffiM il^-S I 

nGaNM4 5 $:^«t--5o ■?-<Z)^> gl 1 8 ICa^-t J: tC, ^;^SS$:#tJfJl# 

pM^^^y FM^ bT(5[) x'^:t>i>'!7A F-:/®G a NM 4 6 
o I n G a NM4 5 (Z)ff $liO . 5 n m;^)^ ^ 3 n m^MT'fe'So $^fC 

m7&<Dmmmi. 2tmmiz. m^m^ (ad GaN/i nGaN®*^??^ 

M^#fi*^#:^M'5;if{C'r-5Zli:=fofey, ?!/>r FMiibxaig-rsGaN^fe 
I n G a N $:MV^T#M#5t^-r•g>ii:t;feSo ^COl^, InGaN(D^<?± 
CQMCliA 1 G aNM^r^^R-r-S^ilA'^M^ bVN,^Ji, ItjMc^^ifeM 1 . 2i:IM 
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[0 0 5 5] 

-e©^, VX^M®-aJS:^PbTG a NM4 1 S:Mm^-&, $e>tC^(3D|g^^ 
bfca54>4 7JCT i /A 1/P t /AuSM&^^-rSo Z:tl*^n«M4 8 i:^ 
■5c $e>{C7^#^±{C^;Rbfe«^MlCN i/P t/Au^/SittN i (Pd) / 
P t/Au $:^^t-a„ r(7)^,«{Cj; y pm^4 9:«)'^'^^-r'5 (0 1 9 ) „ ^tl 
e>®^«(^l^. P«S4 9, n«@4 8li^4l^tl«ScI;<^«t-'5Z:il*'5i^Ix^ 
•r^-5„ 02 OlC:^-rie>lc, ^^I§^^^$:RIE (M^&'ffi'f^r^:!: 

[0 0 5 6] 

^t?:^bTV^S„ -e«>^^SIfigliC+®$:«^g^®^t-S-!f>'T-f-V»«4 OJt 
iz'^MMtf^^i/V ziy F-^®G a NM4 l ^ifrl^xmmLt^'^mmt: LX 
(OyUny ]^-zf<DG a NM4 4 Sr^t L/TV%.5„ ^©^U =l> \^-:f<DG a NM 

4 4 itmm^mmtmmi^xrjt^ s®{cM*)ti3tM®&^bTfe»;, zicdsmic 
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